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STATUS REPORT SECOND QUARTER FISCAL YEAR 1970 
U. S. Bureau of Mines NASA Program of Multidisciplinary Research 
Leading to Utilization of Extraterrestrial Resources 
Task title: 
Investigator: 
Locat ion : 
Date begun: 
Personnel: 
January 1, 1970 
Background analysis and coordination 
Thomas C. Atchison, Program Manager 
Twin Cities Mining Research Center 
Minne apo 1 is , Minne sot a 
April 1965 To be completed: Continuing 
Thomas C. Atchison, Supervisory Research Physicist 
Other Bureau personnel, as assigned 
PROGRESS REPORT 
Ob i ec t ive 
The objective of the program is to help provide basic scientific and 
engineering knowledge needed to use extraterrestrial mineral resources 
in support of future space missions. Under this component, background 
and supporting studies and coordinating and liaison activities for the 
program are carried out. 
Progress During the Second Quarter 
Analysis and distribution of background information continued with em- 
phasis on the Apollo lunar surface and returned lunar sample experiments. 
Ideas on directions that the research should take after completion of the 
current phase in fiscal 1971 were obtained from the task investigators 
and a proposal for continuing the research in fiscal 1971 and 1972 was 
prepared and submitted to NASA. 
High NASA officials have shown a growing interest in possible extrater- 
restrial resource utilization. 
traterrestrial Resources to make their next annual meeting part of an 
official NASA symposium, combining reports of the Apollo lunar surface 
and returned lunar sample experiments on the nature of lunar materials 
with reports of the WGER on possible utilization of lunar materials. 
Bureau investigators would be expected to provide major contributions 
to the symposium, tentatively planned for the fall of 1970. A meeting 
of the WGER Subgroup on Mining and Processing, planned for mid-January 
at Minneapolis, has been postponed to allow time for the possible change 
in the role of the WGER to be worked out. 
They have asked the Working Group on Ex- 
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Proposal for Continuing Bureau Extraterrestrial Resource Utilization 
Program by T. C. Atchison and NASA project leaders was submitted to 
NASA in December. 
Strengths of Sulfur-Basalt Concretes by L. 3. Crow and R, C. Bates 
was submitted for publication as a Bureau of Mines Report of Enves,tP- 
gations. 
Carbothermal Reduction of Liquid Siliceous Minerals in Vacuum by S .  E. 
Khalafalla and E, A. Haas was submitted to the Journal o f  High,Temper- 
ature Science 
Mineral Decomposition in High Vacuum by R. Lo Carpenter was prepared 
for presentation at the Pacific Coast Regional Meeting of the American 
Ceramic Society at Seattle, Wash., October 15-17, 1969, and is baing 
expanded for publication as a Bureau of Mines Report of Investigations, 
Factors Related to Mineral Separation in a Vacuum by  P. Fraas was sub- 
mitted for publication as a Bureau of Mines Report of Investigations. 
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STATUS REPORT SECOND QUARTER FISCAL YEAR 1970 
Bureau of Mines NASA Program of Multidisciplinary Research 
Task title: 
Investigator: 
Location: 
Date begun: 
Personnel: 
Surface properties of rock in simulated lunar environment 
Wallace W. Roepke, Prpject Leader 
Twin Cities Mining Research Center 
Minneapolis, Minnesota 
April 1966 To be completed: June 1971 
William H. Engelmann, Supervisory Research Chemist 
Wallace W. Roepke, Principal Vacuum Specialist 
Kelly C. Strebig, Mining Engineer 
Robert L. Schmidt, Mining Engineer 
James R. Blair Physical Science Technician 
PROGRESS REPORT 
Objective 
The objective of this task is to study the surface properties of rocks 
and minerals in a simulated lunar environment. The study includes 
friction of metal-mineral pairs, drilling in rock, and shear testing 
of particulate mineral and rock materials. 
Progress During the Second Quarter 
Although this task has been realigned to include three major phases, 
as described in the first quarter's report, the only fully active phase 
during this quarter has been drilling in UHV.  Friction measurements 
under this task and thermal properties studies under a following task 
are still being affected by delivery of the radiometer and the new UHV 
system, 
factorily and had to be returned to the manufacturer for adjustments and 
realignment of the optics. The unit has not been returned to us yet. 
The UHV system is expected the last week of this quarter at which time 
the friction work will be restarted with or without the radiometer. Ma- 
jor emphasis will continue to be placed on the UHV drilling studies. 
Although the radiometer was received it did not perform satis- 
UHV Friction Studies 
Although experimental work was recessed, sufficient data were obtained 
during the previous quarter to allow some analysis to continue. Pre- 
liminary results indicate a large spread in the data. Apparent incon- 
sistencies in some of the results have been traced to poor performance 
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of the supporting arm and loading mechanism in the experimental appar- 
atus. Accordingly, Ehis portion of the apparatus has been redesigned. 
The redesign was done in such a way that vertical movement of the probe 
could be added to the horizontal movement presently available for apply- 
ing normal loads. 
tracks to be made on each of the 11 samples thus increasing each UHV 
pumpdown from 11 tests to 220 tests. 
in test materials since several types may then be accommodated during 
each pumpdown. 
tem when it arrives. 
This modification will allow 20 separate and fresh 
This will allow a greater variety 
This modification will be ready for use in the new sys- 
A large number of modifications have been made in the drill rig to mate 
it to the UHV system. Th.is quarter we have had the drill rig under 
hard vacuum twice. The first time it was taken down to 3 x lV9 torr 
at which point difficulties arose with some of the moving par t s .  The 
second time it was evacuated t o  2 x 18-' torr. 
parts caused only minor degradation of the system. A% least two more 
pumpdowns are required before any rock will be placed in the system. 
Qaae will be required to confirm operation of all systems and the other 
will be required to establish a baseline condition without the rock 
specimen present. 
Moving the various 
UHV Particulate-shear Studies 
This work has been held in abeyance this quarter awaiting completion 
of the modifications and mating of the drill rig to the UHV system. 
Sample preparation for SEM studies and consultant service on UHV prob- 
lems have continued during the quarter. A short technical report 
"Suppression of Mass Spectrometer Generated Interference on a Nude 
Bayard-Alpert Gage in UHV" by W. W. Roepke and K. G .  W n g  was nearly 
completed 
Mass Spectrometer Studies of Outgassing from Simulated Lunar Materials 
in Ultrahigh Vacuum by W. W. Roepke and 6. We Schultz is being revised 
for publication i.n the Journal of the American Vacuum Society. 
Friction Tests in Simulated Lunar Vacuum by W, W. Roepke was submitted 
to NASA for publication in the Proceedings of ,the Seventh Annual Meet- 
ing of the Working Group on Extraterrestrial Resources. 
4 
Developing a Lunar Drill: A 1969 Status Report by R. L. Schmidt was 
submitted to NASA f o r  publication in the Proceedings of the Seventh 
Annual Meeting of the Working Group on Extraterrestrial Resources. 
IR-Visible Window Composite f o r  UHV by W. W. Roepke was accepted f o r  
publication in the February issue of the Review of Scientific Instru- 
ments 
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STATUS REPORT SECOND QUARTER FISCAL YEAR 1970 
Bureau of Mines NASA Program of Multidisciplinary Research 
Task title: 
Investigator: 
Location: 
Date begun: 
Personnel: 
Rock failure processes and strength and elastic 
properties in simulated lunar environment 
Peter G. Chamberlain, Project Leader 
Twin Cities Mining Research Center 
Mirmeapolis, Minnesota 
June 1966 To be completed: June 1971 
Egons R. Podnieks, Supervisory Mechanical Engineer 
Robert J. Willard, Geologist 
Thomas Re Bur, Geophysicist 
Richard E. Thill, Geophysicist 
Peter G. Chamberlain, Geophysicist 
Laxman S. Sunda, Mining Engineer 
Kenneth G. Pung, Physical Science Technician 
PROGRESS REPORT 
Ob .j e c t Eve 
The objective of this project is to study the effect of simulated lunar 
environment on rock deformation and failure processes at the macrostruc- 
tural and the microstructural level by means of petrographic and sean- 
ning electron microscopy. Rock strength and elastic properties of sim- 
ulated lunar rocks will be determined in ultrahigh vacuum at temperatures 
over the lunar surface temperature range, 
Data analysis has been completed for tuff specimens tested in ultrahigh 
vacuum and in dry nitrogen during the first quarter (table 1). A few 
additional compression tests were conduct.ed to substantiate statistically 
some significant aspects of the experiments. 
As expected from previous studies of environmental effects on rock prop- 
erties, the compressive strength of tuff was higher in ultrahigh vacuum 
than it was in a dry environment at atmospheric pressure created by plac- 
ing the specimen directly in nitrogen for testing. Specimens evacuated 
identically as those tested in ultrahigh vacuum and then backfilled with 
dry nitrogen were, however, statistically (t test) as strong as those 
tested in ultrahigh vacuum. This would indicate that the increase in 
strength under vacuum conditions is brought on by the removal of water 
vapor and other gases from the specimen which are not replaced if the 
specimen is backfilled preferentially by laboratory-grade dry nitrogen, 
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TABLE l. - 
Test condi t ion 
Room condition' 
( d o %  R.H. at: 
75' F) 
N, a f t e r  u l t r ah igh  
vacuum pumpdown 
Ultrahigh vacuum 
(IOW 10'~ to high 
t o r r )  
Number 
of 
t e s t s  
- 
4 
4 
5 
, m a r  
C ompre s s ive 
s t rength  
0.85 
1.09 
1.60 
1.74 
Rocks" by Davic 
Compressive 
s t rength  
MN /ma 
5.9 
7.5 
11.0 
12.0 
Young s 
mod u l u  s 
10" p s i  
0.3 
* 3 4  
.39 
e 38 
E. Fogelson, Proceedl 
Young s 
modulus 
GN/mz 
2 
2.36 
2.70 
2.62 
!gs of 
the S ix th  Annual Meeting of the Working Group on E x t r a t e r r e s t r i a l  Re- 
sources, NASA SP-177, 1968, pp. 75-95. 
Water vapor has already been proven t o  have a weakening e f f e c t  on rock 
a t  atmospheric pressure during e a r l i e r  s tages  of t h i s  task  and i t  i s  
present ly  f e l t  t h a t  these data  show the e f f e c t  of vacuum t o  be pr imari ly  
a funct ion of increased water vapor removal. Supporting evidence i s  pro- 
vided by mass spectrometer data  which indicated t h a t  each t u f f  specimen 
contained r e l a t i v e l y  large amounts of water vapor even a f t e r  the specimen 
had been i n  ultrahhgh vacuum (low lo-' t o  high t o r r )  f o r  some time. 
In f a c t  the ove ra l l  pressure wi th in  the vacuum chamber general ly  followed 
the shape of the load-deformacion curves ( f igure  I) because of the gases 
l ibera ted  from the specimen during loading. 
Youngus modulus f o r  t u f f  exhibi ted the same trend a s  the compressive 
s t rength  although a l l  of the r e s u l t s  were not s ign i f i can t  s t a t i s t i c a l l y  
( t  t e s t )  a t  the usual  90 percent confidence leve l .  This behavior of t u f f  
does not  follow e a r l i e r  r e s u l t s  of other inves t iga tors  on basalt '  and of 
our own medium vacuum s tudies  performed on d a c i t e  and b a s a l t ,  a l l  of which 
indicated a decrease f o r  Youngus modulus i n  vacuum. 
The u l t r ah igh  vacuum chamber has been reinstrumented fo r  1-inch diameter 
cores which w i l l  be used f o r  the remainder of the f i s c a l  year. Compres- 
s ion  t e s t s  on dac i t e  in u l t r ah igh  vacuum a r e  proceeding s a t i s f a c t o r i l y .  
-sky and Husak. 
Ultrahigh Vacuum. Journal of Geophysical Research, v. 73, No.  6 ,  
March 1965, 
-- -I. 
Strength Charac te r i s t ics  of Basal t  Rock i n  
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The comparison of f a b r i c  with ve loc i ty  symmetry pa t te rns  obtained i n  
e a r l i e r  anisotropy s tudies  i s  being continued f o r  the s u i t e  of 14 s i m -  
u la ted lunar rocks. The defec t  ana lys i s  technique revealed t h a t  an 
alignment of elongate ves i c l e s  seems t o  be the chief f ab r i c  parameter 
cont ro l l ing  ve loc i ty  symmetry i n  pumice, ves icu lar  b a s a l t ,  dae i t e ,  and 
a l t e r ed  rhyol i te .  Alignment of elongate plagioclase grains  i n  gabbro 
and or iented microcracks i n  f r e sh  rhyo l i t e  seem t o  determine t h e i r  sym- 
metry. 
The d r a f t  of a repor t  on the e f f e c t  of moisture on f r ac tu re  morphology 
i n  d a c i t e  i s  about 75 percent completed. The d r a f t  of another repor t  
concerned with the e l a s t i c  and a t tenuat ion  symmetries of the simulated 
lunar rocks was completed. 
Environmental Ef fec ts  on Rock Propert ies  by E ,  R. Podnieks, P o  G o  
Chamberlain, and R. E .  Thill. has been submitted fo r  publ icat ion i n  the 
Proceedings of the Tenth Symposium on Rock Mechanics held a t  the Uni- 
ve r s i ty  of Texas i n  May 1968, 
E l a s t i c  and Attenuation Symmetries of Simulated Lunar Roe'ks by T. R ,  
Bur and K. E. Hjelmstad i s  being prepared a s  a Bureau of Mines Report 
of Inves t iga t ions  or journal a r t i c l e .  
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STATUS REPBRT SECOND QUARTER FISCAL YEAR 1970 
Bureau of Mines NASA Program of Multidisciplinary Research 
Task title: 
Inves ttgator : 
Location: 
Date begun: 
Per sonne 1 : 
The objective 
Thermal fragmentation and thermophysical and optical 
properties in simulated Lunar environment 
David P o  Lindroth, Project Leader 
Twin Cities Mining Research Center 
Minneapolis, Minnesota 
July 1969 To be completed: June 1971 
Joseph M. Pugliese, Supervisory Geophysicist 
David P. Lindroth, Physicist 
Walter G o  Krawza, Engineering Technician 
PRQGRE S S RE PORT 
0b.j e ctive 
of this work is to study the problems of thermal fragmen- 
tation in lunar environment. Through the use of nondestructive testing 
and remote sensing technology, the thermophysical properties of simu- 
lated lunar rocks are k o  be determined as a function of temperature and 
pressure over the lunar environment range. Also, the optical properties 
of absorptance, reflectance, transmittance, and the absorption coeffi- 
cient are to be determined as a function of wavelength and temperature. 
The literature search on optical properties of rock as a function of 
wavelength and temperature is continuing. There i.s nothing significant 
to report om the search at this time. 
The techniques necessary for measuring output energy from the C02 laser 
in the pulse mode were studied this quarter and according to the litera- 
ture there is no standard measurement technique, 
and energy measurement are presently made with devices which convert ra- 
diant energy to heat and measure a change in temperature. These devices 
are called thermopiles, detectors, balometers, and calorimeters. Calo- 
rimeters of the type that operate in a constant temperature environment 
can be analyzed in terms of a common heat flow problem. Thus this calo- 
rimeter technique offers advantages. However, since the problems of la- 
ser power and energy measurements are so new, some of the measurement 
ideas used in calorimetry have not yet been adopted as standard. These 
conclusions were confirmed in a seminar held by the National Bureau of 
Standards, Boulder, CoPo,, entitled "Laser Power and Energy Measure- 
ments," which was attended by Mr. Lindroth, 
The C% laser power 
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We have a power meter which i s  accurate t o  +5 percent,  wLich i s  adequate 
f o r  the current  work. The most recent  power meter used by the National 
Bureau of Standards had an accuracy of approximately 3 percent a t  100 
watts.  For %he measurement of energy, NBS has b u i l t  calor imeters  t o  
measure the output of ruby and neodymium la se r s .  However, there  a re  no 
energy meters cu r ren t ly  ava i lab le  f o r  measuring the pulsed output of the 
COS l a s e r ,  
energy meter 
Therefore we f e e l  we w i l l  have t o  design and bui ld  our own 
Progress i n  the design and f ab r i ca t ion  of equipment f o r  the measurement 
of thermal proper t ies  by the f l a s h  method has been delayed by problems 
with the  new inf ra red  radiometer. Checkout of the radiometer was begun 
but the instrument had t o  be returned t o  the manufacturer e a r l y  in the  
quar te r  because of misaligned opt ics .  
D r ,  Thirumalai and M r ,  Demou completed the experimental s tud ie s  on the 
e f f e e t  of: reduced pressure on thermal fragmentation of rocks during 
t h i s  quarter .  The surface layer  thermal expansion measurements i n  
q u a r t z i t e ,  b a s a l t ,  granodior i te ,  and obsidian specimens from room tem- 
perature  up t o  315' C were completed using high-temperature s t r a i n  gages 
cemented by t,he Rokide process. The r e s u l t s  of cyc l i c  thermal expansion 
measurements between room temperature and 315' C show a decrease i n  the 
magnitude of thermal expansion between successive cycles.  The ex ten t  
of i r recoverable  ( i n e l a s t i c ]  ,thermal expansion was a l so  forjlnd t o  decrease 
with succ.essive cycl.B.ng. The thermal expansion behavior of the t e s t  
rocks was observed t o  reach a steady s t a t e  a f t e r  four cycles.  There were 
no s i g n i f i c a n t  d i f fe rences  i n  the thermal expansion behavior of the rocks 
a t  redueed pressure down t o  t o r r .  
Experimental st.udi,es were ca r r i ed  out t o  examine the e f f e c t  of moisture 
on thermal fragmentation of basa l t .  Basal t  cyl inders  ( 3  by 3 cm) were 
i r r ad ia t ed  by an inc ident  energy of 2,500 jou les  from a CO, l a s e r .  The 
t e s t s  were conduc.ted on dry  ('baked a t  65' C under vacuum f o r  5 days),  
normal ( a t  room condi t ion without any moismre treatment) , and sa,twrated 
(soaked i n  di.sti.Ile,d water under vacuum f o r  5 days) spee.fmens in atmos- 
phere and a,& reduced pressure down t o  t o r r .  There were no s ignhf i -  
cant  d i f fe rences  i n  t e s t  r e s u l t s  between dry and saturated specimens. 
The mechanism of melt e j e c t i o n  or self-removal of me1.t soon a f t e r  i t s  
formation a t  the surface of the rock under reduced pressure appears to 
be independent of the moisture content of the rock. 
e f f e c t  of reduced pressure OB ,thermal fragmentation of rocks was begun, 
A repo:ct on the 
Die l ec t r i c  Constants and Dissipat ion Factors  f o r  Fourteen Rock Types 
Between 20 and PO0 Megahertz by R. E.  G r i f f i n  i s  under preparat ion a s  
a journgl a r t i c l e ,  
Thermal Expansion Measurements of Simulated Lunar Rocks by R. E., G r i f f i n  
and S o  G ,  Demou is under preparat ion a s  a journal  a r t i c l e .  
L E  
STATUS REPORT SECOND QUARTER FISCAL YEAR 1970 
Bureau of Mines NASA Program of Multidisciplinary Research 
Task title: Use of explosi.ves on the Moon 
Investigator: Richard W. Wakson, Project Coordinator, Explosives Research 
Location: Safety Research Center 
Date begun: Ju ly  1966 To be completed: June 1971 
Pittsburgh, Pennsylvania 
Personnel: Richard W. Watson, Research Physicist 
Charles R. Summers, Research Physicist 
John J, Mahoney, Laboratory Technician 
Elva M. Eeaastimi, Explosives Equipment Operator 
PROGRESS REPORT 
Ob iec tive- 
The objective is to develop fundamental knowledge relating t o  the hazards 
o:f the use of chemical explosives in the lunar environment, in particular, 
an environment charaekerize,d by high vacuum, extreme temperacure cycling, 
and a flux of small hypervelocity particles. 
Preparations were continued for the construction of a Barge-scale high- 
vacuum facility suitable for research involving several pounds of high 
explosive at pressures as low as lo-' torr. Specifications have been 
formulated for the system which involves the 40,000-liter cylindrical 
tank (2.1 m diameter by 11 m long) with option for inclusion of the 
3.6-m diameter sphere. Plans have been discussed with several experts 
on vacuum system design, The system f.tself, including bns.trumentation 
capabilities, has been designed in some detail. 
The field of availabhe equipment and instrumentation has been surveyed 
and the major components have been selected in accordance with speciff- 
cations and expert advice. Construction of a shelter for the system, 
and its auxiliary facilities and some additional experimental facili- 
ties is proceeding on schedule. The site will shortly be ready for re- 
location of the vacuum chambers. Procurement of the major outstanding 
equipment is scheduled for the early part of the third quarter. 
None scheduled for the second quarter. 
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STATUS REPORT SECOND QUARTER FISCAL YEAR 1970 
Bureau of Mines NASA Program of Mul t id i sc ip l inary  Research 
Task t i . t . le :  
Inves t iga tor :  
Location. : 
Date begun: 
Personnel: 
E f fec t  of lunar environment on behavior of f i n e  p a r t i c l e s  
David E.  Nicholson, Project  Leader 
Spokane Mining Research 'Laboratory 
Spokane, Washington 
Apri l  1.966 To be c.ompleted: June 1971 
David E. Nicholson, Mining Engineer 
William G. Pariseau,  C iv i l  Engineer 
Kelly C. Streb ig ,  Mining Engineer (Twin Ci.t,ies) 
Robert W, Carnes , EngFneering Tec:hnician 
PROG,RESS REPORT 
The objec t ive  i s  t o  determine the f r i c t i o n a l  and cohesive proper t ies  of 
simulated Lunar rock powders which may influence the handling and t rans-  
portation of f i n e  p a r t i c l e  mater ia l s  i n  the lunar environment. 
The vane-shear device f o r  t e s t i n g  simulated lunar powders a t  Spokane i s  
e s s e n t i a l l y  completed. 
manufacturer, and a two-channel s t r a i n  gage recorder was purchased. A 
low-speed motor i s  beS.nmg ins ta l s led  on the d r ive  mechanism. Two s t r a i n  
gage br idges,  one t o  measure normal load and the other to  measure torque 
or  shear s t rength ,  a r e  being ca l ibra ted  on the s t r a i n  gage recorder.  7.b 
measure sh.ear s t r a i n ,  a small microswitch, actuated by rota , t fon of the 
dr ive  sha f t ,  has been connected t o  the time marker on the recorder.  
The vane-drive mechanism was delivered by the 
Shear t e s t i n g  of' simulated lunar mater ia l  i n  atmsopheric environment i s  
expected t o  s t a r t  i n  the t h i r d  quarter .  These t e s t s  w i l l  be performed 
i n i t i a l l y  using t h o l e i i t i c  b a s a l t  powder with p a r t i c l e  s i ze  d i s t r i b u t i o n  
determined from Surveyor o r  Apollo data.  Importan,tly, normal loads w i l l  
simulate the one-sixth grav t ty  condi t ion o f  the Moon. 
A s imi la r  t o r s iona l  vane-shear device i s  being prepared f o r  use i n  the 
Twin C i t i e s  u l t r ah igh  vacuum chamber. Shear t e s t i n g  of i d e n t i c a l  rock 
powder w i l l  s t a r t  l a t e r  this year a f t e r  the lunar d r i l l  t e s t i n g ,  beisg 
performed i n  the  same chamber, i s  completed. 
A preliminary t e s t  t o  produce a basalt- powder simulating the Apollo 11. 
core samples was completed. The i n i t i a l l y  reported r e s u l t s  of g ra in  
13 
size analysis of the Apollo core samples show a coarser material than 
we can produce. Further testing will be performed after requirements 
for the bulk sample of basalt to be prepared for the USGS and JPL are 
determined . 
None scheduled for this quarter. 
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STATUS REPORT SECOND QUARTER FISCAL YEAR 1970 
Bureau of Mines NASA Program of Multidisciplinary Research 
Task title: 
Investigator: 
%oca tion: 
Date begun: 
Per sonne 1 : 
The objective 
Electrowinning of oxygen from silicate rocks 
Donald G. Kesterke, Project Coordinator 
Reno Metallurgy Research Center 
Reno, Nevada 
June 1966 To be completed: May 1970 
Donald G. Kesterke, Metallurgist 
Delbert C. Fleck, Research Chemist 
Preddy B. Holloway, Physical Science Technician 
PROGRESS REPORT 
is to determine the feasibility of obtaining elemental 
oxygen by electrolysis of silicate-bearing materials, as one phase of 
multidisciplinary research efforts to develop basic knowledge for using 
lunar resources i n  support of space missions. 
Objectives for the quarter were to further evaluate the performance 
characteristics of selected silicate-fluoride electrolytes, and t o  
complete construction and initiate testing of a specially designed 
electrolytic cell for use in making a quantitative determination of 
the oxygen evolved at the anode. 
A series of electrowinning experiments was conducted using silicate- 
fluoride mixtures containing from 40 to 60 weight-percent silicates 
to determine the relative oxygen yield from each bath. The lithium 
fluoride content of each mixture was 25 weight-percent, while BaFz 
made up the balance. 
C ,  at about 20 volts and 40 to 50 amperes, using iridium anodes and 
Sic cathodes. Results showed the maximum oxygen content in the anode 
gases from any of these experiments was about 5 volume percent. This 
was less than 40 percent of what was achieved in previous experiments 
under similar conditions using baths composed of 35.0 weight-percent 
silicates, 16.5 weight-percent EiF, and 48.5 weight-percent BaFa. 
Electrolysis was conducted at 11,100' t o  1,200' 
Construction was completed on a cell and insulation system for use in 
making quantitative determinations of the oxygen evolved at the anode. 
The design incorporated a 5-inch ID boron nitride crucible heated by 
silicon carbide resistors. The cell was divided into anode and cathode 
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compartments by means of a boron nitride barrier which was perforated 
below the bat.h level, and was solid above. A boron nitride lid over 
the anode compartment was designed to restrict the gases evolved dur- 
ing electrolysis to a known volume. The electrode leadthrough and gas 
sampling tube were sealed into the lid to prevent gas leakage. Initial 
experimentation indicated, however, that some leakage was occurring 
from the anode compartment, and modifications will be made in an attempt 
to eliminate this. 
Status of Manuscripts 
Electrowinning of Oxygen from Silicate Rocks by Donald G. Kesterke was 
submitted to NASA for publication in the Proceedings of the Seventh 
Annual Meeting of the Working Group on Extraterrestrial Resources. 
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